ABSTRACT: A study with growing barrows was conducted to evaluate of variations in particle size and degree of heat treatment during processing on standardized ileal digestibility (SID) of AA in soybean (Glycine max) meal (SBM). A commercial SBM batch was visually identifi ed as being overtoasted due to its brownish color and was separated into small and large particles using a 1-mm sieve. In addition, 3 SBM were produced from 1 batch of soybean and exposed to different processing conditions (temperature and direct steam contact) referred to as mild (105°C; 34 min), medium (115°C; 45 min), and strong (139°C; 7 min). In total, 5 SBM-corn (Zea mays) starch-based diets were formulated to contain SBM as the sole protein source. This experiment was conducted according to a 6 × 6 Latin square design using 6 barrows (23 kg initial BW) fi tted with a T-cannula at the distal ileum. With increasing particle size, SID of His and some dispensable AA increased (P < 0.05). Lower SID values in small compared to large SBM particles indicate more pronounced heat damage possibly due to increased surface area. The SID of CP and AA was lowest in the mild, intermediate in the strong, and highest in the medium toasted SBM (P < 0.001). These differences in SID are refl ected in varying contents of trypsin inhibitors, Lys, reactive Lys, and NDF. In conclusion, both differences in particles size and variations in thermal processing conditions of SBM may affect SID of CP and AA.
INTRODUCTION
Soybean meal (SBM) is a major plant protein feedstuff in livestock diets. Due to the presence of heat-labile trypsin inhibitors (TI) in soybeans that may reduce digestion of AA (Goebel and Stein, 2011) , thermal treatments are required to inactivate these antinutritional factors in SBM when used in diets for monogastric animals. The effi ciency of thermal processing of SBM depends on temperature, steam pressure, and duration of heat treatment during processing (Qin et al., 1996) . However, excessive heat treatment may form Maillard reaction products that are biologically unavailable and decrease the standardized ileal digestibility (SID) of AA, with Lys being mostly affected (González-Vega et al., 2011) . The study aimed to determine in growing pigs SID of CP and AA in SBM processed from raw soybeans, which were exposed to different standardized thermal processing conditions in a pilot plant. In addition, the effect of different particle sizes of SBM on SID of CP and AA was measured.
MATERIALS AND METHODS

Experimental Design, Diets, Animals, and Analyses
The research protocol was approved by the German Ethical Commission for Animal Welfare. A commercial heat-treated SBM batch was visually identifi ed to be overtoasted due to its brownish color and coarsely ground through a 2-mm screen and then separated into 2 fractions referred to as small (<1 mm) and large (1 to 2 mm) particle size. In addition, raw soybeans were exposed to different processing conditions in a desolventizer-toaster (DT) to produce 3 SBM. Variables during processing included steam pressure, direct steam contact, temperature, and heating time. According to the treatment conditions, the SBM were referred to as mild (150 kPa bar steam pressure; 34 min direct steam contact; toasted at 105°C for 20 min), medium (steam pressure 500 kPa; 45 min direct steam contact; toasted at 115°C for 20 min), and strong heated (850 kPa steam pressure; 7 min direct steam contact; toasted at 139°C for 30 min).
In total, 5 SBM-corn starch-based diets were formulated to meet National Research Council (NRC, 1998) standards to contain 400 g/kg SBM as the sole protein source supplemented with 412 g/kg corn starch, 100 g/kg dextrose, 30 g/kg cellulose, 30 g/kg oil, 16 g/ kg vitamin and mineral premix, and 5 g/kg TiO 2 (as-fed basis). An N-free diet was fed to estimate basal ileal endogenous AA losses.
Six growing barrows with an initial BW of 23 ± 0.7 kg (German Landrace × Piétrain) were fi tted with a simple T-cannula at the distal ileum. Pigs were randomly allocated to the 5 SBM diets and the N-free diet according to a 6 × 6 Latin square design. The daily feed allowance corresponded 3 times the maintenance energy requirement for ME (NRC, 1998) . Each period included 5 d adaptation to the diet followed by digesta collection for a total of 24 h on day 6 from 0600 to 1800 h and on day 7 from 1800 to 0600 h.
Determination of DM and proximate nutrients, TI, AA, and TiO 2 in SBM and diets or ileal digesta samples or both diets and ileal digesta samples followed procedures according to Jezierny et al. (2011) . The data were subjected to the PROC MIXED procedure of SAS (SAS Institute, 2008 ). The linear model included the fi xed effects of SBM and pig and the random effects period and pig. The signifi cance level was set at α = 0.05.
RESULTS AND DISCUSSION
The SBM batches different in particle size or toasted differently were similar in AA composition except for contents of total and reactive Lys, refl ecting differences in processing conditions during the DT process (Table  1) . Low contents of total Lys and reactive Lys in small and large SBM particles indicate Lys damage due to overtoasting, which is often associated with the formation of Maillard reaction products (Fontaine et al., 2007) ; however, although not statistically analyzed, the contents of total and reactive Lys were lower in small compared to large SBM particles. Moreover, the higher NDF content in small compared to large SBM particles suggests the inclusion of Maillard products in the NDF fraction, which likely reduces SID of AA (Lan et al., 2008) . As smaller particles were more exposed to heat treatment than larger particles due to their increased surface:volume ratio, SID of CP and AA of this fraction was lower, with differences (P < 0.05) for His (Table 2 ) and some dispensable AA. However, TI levels were low in both small and large SBM particles (Table 1) and did not refl ect the variations in SID of CP and AA between both fractions. It appears Within a row, means without a common superscript differ (P < 0.05).
1
Means are least squares means based on 6 observations per diet.
that heat treatment of commercially available SBM was effi cient enough to inactivate TI but may result in the formation of Maillard products in smaller SBM particles. The SID of AA was considerably lower (P < 0.001) in mild and strong compared to medium toasted SBM, with SID values for most AA ranging between 18 to 35 percentage units lower than those for medium toasted SBM. The decrease of total Lys and reactive Lys contents and the increase of NDF content followed a linear relationship (P < 0.05) as a function of toasting temperature. These changes suggest increased formation of Maillard products (Fontaine et al., 2007) . The very low SID of AA in the mild toasted SBM is refl ected in highest TI level but not in contents of total Lys and reactive Lys, which were highest compared to the medium and strong toasted SBM. Obviously, the toasting conditions for the medium toasted SBM were optimal to destroy more TI, as the effi ciency of inactivation depends on temperature, moisture content, and duration of heating (Zarkadas and Wiseman, 2005) . The decrease in SID of AA in the strong toasted SBM, however, is refl ected in lowest contents of total Lys and reactive Lys compared with the mild and medium toasted SBM, indicating increased formation of Maillard products (Goebel and Stein, 2011; González-Vega et al., 2011) , coupled with a high content of TI compared with the medium toasted SBM (8.3 vs. 2.7 g/ kg). The processing conditions were optimized for the medium toasted SBM, resulting in lowest TI values and the smallest decrease in contents of total Lys and reactive Lys compared to the strongly toasted SBM.
In conclusion, reduced particle size may decrease SID of AA in SBM, in particular when SBM is exposed to excessive heat treatment. Under these specifi c conditions, TI levels were rather low and did not refl ect the variations in SID of CP and AA between small and large SBM particles. Otherwise, TI levels together with Lys, reactive Lys, and NDF contents have proven to be useful indicators to predict the effect of heat treatment of SBM on SID of CP and AA.
